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Abstract of EP 0363009 (A1) 

An apparatus for wet process e:<haust (3) gas 
desulfurization comprises a spmadrng portion for 
spreading absorbent slurry (9) Including calcium 
compound, a absorbing tower for bringing the 
absorbent slurry spread fk'om the spreading portion 
into contact with exhaust gas (3) Inciuding suifur 
oxides from opposite directions so as to absorb the 
sulfur oxides in the exhaust gas (3) into the 
absorbent slurry (9), a slurry tank (1 1) disposed 
below of the absorbing tower for receivfng the 
absorbent slunry from the absorbing tower, a stirrer 
for stirring end 'forwarding tho absorbent slunry radial 
inwardly, the stirrer being in an axial flow type one 
having a propelller, and circular system for circulating 
the absorbent sluny from the slurry tank to the 
spreading portion.; The apparatus further comprises 
a plurality of nozzles for feeding oxidizer gas 
including oxygen into the absorbent slurry from a 
backside of the propeller towards a penphery 
thereof uniformly with respect Ici a circumferential 
direction, thereby bubbling the oxidizer gas finely 
around the propeller. 
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Wet-type exhaust gas desulfurlzing apparatus. 

The EPO does not accept any responsibility for the accuracy of data and Information origin atlng from other 
authorities thun the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit 
for specific purposes. 
Description of EP 0363009 (A1) 

WET-TYPE EXHAUST GAS OESULFURIZING APPARATUS 



BACKGROUND OF THE INVENTION 



The present invention relates to a wet-type e>:haust gas desulfurlzing apparatus for a thermal power station 
or the like, and more particularly to a wet-type exhaust gas desulfurlzing apparatus suitabli; for accelerating 
oxidation of suifurous calcium produced in absorber slurry. 

A desulfurlzing apparatus according to a limestone-plaster method is well l^nown as a wet- ype exhaust gas 
desulfurlzing apparatus, which is used for absorbing sulfur oxide (hereinafter abridged as £;Ox) contained In 
the exhaust gas while using a calcium compound as an absorber, and fbr softening sulfUro js calcium 
produced through the reaction into plaster that is stable. The piaster is collected by an aux.!iary produced 
material. 

The desulfurlzing reaction according to the limestone plaster is represented by the following formulae. 
CaC03 + S02+1/2H20 
-> CaS03.1/2H20 + C02 
CaS03-1/2H20 + 1/202 + 3/2 H20 
-> CaS04.2H20 

In such a conventional wet-type exhaust gas desulfurlzing apparatus, an absorbent tower l3r absorbing SOx 
contained in the exhaust gas by contacting the slurry containing the absofter with the exhs u$t gas in a gas- 
liquid phase and an oxidizing power for oxidizing sulfurous calcium that Is formed through 1 he reaction are 
provided separately from each other. 

In order to simplify the structure of this apparatus, the present applicants have proposed, es in Japanese 
Utility l^odel Unexamined Publication No. 60-132830, another apparatus In which the abscrting reaction 
and the oxidation reaction are carried out [n a single tower. Namely, in that apparatus, air ii: blown to a 
portion close to an agitator provided within a slurry recirculation tank located in a lower por ion of the 
absorbing tower, so that the sulfurous calcium contained in the slurry is oxidized with the a r bubbled by the 
agitator. 

Fig. 18 shows an overall systeni of that apparatus. The latter is composed mainly of a dust removing tower 
102 fbr removing dust from an exhaust gas 101 and an absorbing tower 103 for absorbing SOx contained in 
the exhaust gas 101, oxidizing the chemical products produced through the reaction and o >ilecting the 
products as plaster. 

The exhaust gas 101 supplied from a boiler (not shown) Is processed through dust-remove I and is cooled In 
the dust removing tower 102, if necessary. In the dust removing tower 1 02, a recirculation * iuid 105 stagnant 
In a recirculation tank 104 is ral.'ied by a recirculation pump 106. The recirculation fluid 105 is splayed within 
the dust removing tower 102 for removing dust, hydrogen chloride (HCI) and hydrogen fiuo'lne (HF) from 
the exhaust gas. Agitators 107 lor preventing the precipitation are provided within the recin ;u)atlon tank 104. 



The exhaust gas 101 from which the dust has t>een removed is fed to the absorbing tower 1 03 where the 
exhaust gas Is brought Into contact with absorbent slurry 109 composed mainly of iimestor a and piaster 
and splayed from splay portions 108. The exhaust gas 101 from which SOx is removed thr jugh the contact 
is passed through a demister 1 n 0 and then is discharged from a top portion of the absort>e it tower 1 03 to 
the outside. 

The slurry 109 that has absorbe^d SOx falls downwardly and is temporarily retained in a slurry recirculation 
tank 1 1 1 provided Integrally with a lower portion of the absorbent tower 103. The retained i ilurry 109 Is 
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• «giteted by agitators 1 12A provided in the tower portion of the tank 111 and is fed to the sp lay portions 1 08 
of the upper portion of the absorbent tower 103 through a slurry line 114 by a recircutation pump 113, The 
above-described absorbing operation is repeated. 

On the other hand, air pressuri2:ed by a compressor 11 5 is supplied to a portion close to a; litators 1 12B for 
the oxidation through air feed pipes 117. The air is bubbled by the agitation action of the aj jitators 1 1 2B to 
oxidize sulfurous calcium in contact with the slurry 1 09 retained In the tank 111, 

In this apparatus, it should be, however, noted that the air 1 16 is supplied through only on< portion relative 
to a rotary vane of each oxidation agitator 1 12B. In addition, due to the fact that a specific ' veight of the air 
1 16 is much smaller than that of the sluny 109. the region dose to the rotary vane is sepa< ated into a region 
where a largti amount of air is present and another region where a large amount of slurry ' 09 is present. As 
a result, the air 116 will not be sufficiently bubbled into fine bubbles In the slurry 109. Also, the air is brought 
into contact with the slurry 109 under the condition that the bubble size of the air be kept a a relatively large 
level, so that the oxidation of the sulfurous calcium would not be well performed as a whol< 

Also, as described above, the two portions which are composed mainly of air 116 and sluny 109. 
respectively, are formed in the rotary region of the vane, so that an unbalance load is imposed on the 
agitator 1 12B. As a result, the cipparatus would suffer a technical problem such as general ion of vibration 
and noises. 

Figs. 19 and 20 are a partially sectional front view and a partially sectional plan view show ng a soda water 
producing apparatus disclosed in U. S. patent No, 2,404,679. 

Refening to Figs. 19 and 20, water 151 is held In a tank 150, bearings 154a and 154b are mounted on 
central portions of an upper cover 153 and a bottom plate 152, respectively, A hollow rotar/ shaft 155 is 
rotatably supported between the upper and lower bearings 154a and 154b. Spinning tubes 156 and rotary 
vanes 157 are alternately provided in plural stages around and on a portion of the rotary shaft 155 dipped 
into the water 151. 

In the upper cover 153, there is formed a pressure gas feed path 158 whose tip end is in c ^mmunicatlon 
with an axrai hole 159 of the rotary shaft 155, The lower end of the axial hole in turn is clos sd as shown in 
Fig. 20. 

A carbonated gas 1 60 fed under pressure from the pressure gas feed path 1 58 is passed i nrough the axial 
hole 1 59 and is iryected into the water from the respective spinning tubes 1 56 as bubbles ' 61 , The injection 
energy of the carbonated gas 1 60 injected from the spinning tubes 1 56 causes the spinnin j tubes 1 56 and 
the rotary vanes 1 57 to rotate together in the clockwise direction as shown in Fig. 20. As a result, the water 
151 is agitated within the tank 151. 

However, in this apparatus, since the spinning tubes 156 and the vanes 157 are rotated to gather, there is 
almost no relative movement between the bubbles 161 and the vanes 1 57. As a result, relntively large 
bubbles are generated unlike the present invention according to which minute bubbles are generated due to 
shearing effect concomitant wrth the rotation of the venes 1 57 as later described* Also, if tl* e feed pressure 
of the carbonated gas 160 would be Increased in order to sufficiently effect the agitation of the rotary vanes 
157. the bubbles 161 would be injected radially outwardly beyond the rotary region 162 of he vanes 157 
(see Fig. 20) so that there would be almost no contact with the rotary vanes 157. In this ca >e, a desired 
agitation or mixture would not be attained. 



OBJECTS AND SUMMARY OF THE INVENTION 



In order to overcome the above-noted defects inherent in the prior art, an object of the pre!.Gnt Invention is 
to provide a wet-type exhaust gas suifurizlng apparatus which Is capable of perform a unifi rm oxidation of 
sulfurous calcium In a desired condition. 

In order to atlain this and other objects, according to the present Invention, there is provided a wet-type 
exhaust gas desulfurizing apparatus which comprises: 

an absorbing tower having a splay portion for splaying absorbent slurry containing a calclu n compound 
such as lime or limestone, for contacting the absorbent slurry splayed from the splay portion with the 
exhaust gas containing SOx. thsreby absorbing SOx contained in the exhaust gas Into the slurry: 
a slurry tank provided in a lower portion of the absorbing tower for reserving the absorbent slurry dropped 
from tfie absorbing tower, the slurry tank having axial flow type agitator laterally provided through 
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pircumferenti&l walls; and 

a recirculation system for feeding the absorbent sluny, reserved in the slurry tank, to the splay portion of the 
absorbing tower. 

The apparatus may comprises £»n oxidizing gas supplying means for substantially uniformly supplying 
oxidizing gas, containing oxygen such as air, from rear sides of the rotary vanes of the agitiitors over the full 
circumference of the rotary region of the rotary vanes, whereby the oxidizing gas supplied f -om the oxidizing 
gas supplying means is bubbted minutely in the absorbent sluny by the rotaUon of the vanes. 

As described above, by supplying substentielly uniformly the oxidizing gas over the full circ jmference of the 
rotary region from the rear side of the rotary vanes, a thin film is formed in a surface of eacli rotary vane, the 
gas film is sheared by the contact with the slurry during the rotation of the vane, and minute bubbles are 
generated from the tip end of the vane. The minute bubbles are entrained In the slurry mov ng from the rear 
side to the front side of the vane by the rotation of the vane and are splayed over the tank, ihereby 
contacting with the slurry and accelerating the oxidation of the sulfurous calcium. 



BRIEF DESCRIPTION OF THE DRAWINGS 



In the accompanying drawings: 

Rgs. 1 to 5 show a wet-type exhaust gas desulfurizing apparatus relating to a first embodinent of the 
invention; 

Fig. 1 is a diagram showing an overall apparatus; 

Rg. 2 is a plan view in cross section showing the an^gement of oxidizing agitators; 

Fig. 3 is a view illustrating a dimensional relationship of an absorbing tower; 

Fig. 4 IS a side elevatlonal view showing, partially in cross section, the oxidizing agitator 

Fig. 5 is a view illustrating a condition of generation of minute bubbles; 

Figs. 6 Is a view Illustrating a te.^t condition of the apparatus according to this embodiment; 

Fig. 7 is a graph showing a relationship between a nozzle outlet flow rate and a drain amoi nt; 

Fig. 6 is a graph showing a relationship between the nozzle outlet flow rate and a pressure loss; 

Fig. 9 is a graph showing a relationship between an angle theta and an oxfdiatlon rate: 

Fig. 10 is an enlarged view showing a modification of a nozzle; 

Fig. 11 is a side elevational view showing, partially in cn^ss section, an agitator used in a wst-typa exhaust 

gas desulfurizing apparatus in ecconjance with a second embodiment of the invention; 

Figs. 12 end 13 are diagrams showing third and fourth embodiments of the Invention: 

Fig. 14 is a side elevatlonal view showing, partially in cross section, an agitator used in a wst-type exhaust 

gas desulfurizing apparatus In accordance with a fifth embodiment; 

Fig. 15 is a frontal view showing a chamber used in the agitator shown in Fig. 14; 

Fig. 16 is a diagram showing a wet-type exhaust gas desulfurizing apparatus In accordano) with a sixth 

embodiment of the invention; 

Fig. 17 is a perspective view showing a wet-type exhaust gas desulfurizing apparatus whoi e part has been 

removed for explanation, in accordance with a seventh embodiment of the Invention; 

Fig. 18 is an overall diagram showing a wet-type exhaust gas desulfurizing apparatus acco-ding to the pdor 

art: 

Fig. 19 is a front view showing, partially In cross section, a soda water producing apparatus according to the 
prior art; and 

Fig. 20 Is a plan view of the apparatus shown In Fig. 19. 



DESCRIPTION OF THE PREFIERRED EI^BODIMENTS 



The present invention will now be described with reference to the accompanying drawings 3n the basis of 
the embodlmont» 

Figs. 1 through 5 show a wet-type exhaust gas desulfurizing apparatus in accordance with a first 
embodiment of the invention. Rrst of ali, the structure of the overall apparatus will now be described with 
reference to Fig. 1 . In Fig. 1 , the apparatus Is composed mainly of a dust removing tower 1 and an 
absorbing tower 2 disposed downstream of the dust removing tower 1 in the exhaust gas fl jw direction 
thereof. 

The exhaust gas 3 fed from a thermal power station (not shown) is processed through a di st removing 
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' treatment and a cooling treatment In the dust rerrovlng tower 1 . A reclrculaton fluid 5 composed mainly of 
vvater reserved in a recirculation tank 4 is raised by a recirculaton pump 6 and is splayed in the dust 
removing tower 1, thereby removing dust or hydrogen chloride (HCI) contained in the exha ist gas 3. Axial 
flow type agitators 7 for preventing the precipitation are provided within the recirculation tar k 4. 

It should be noted that, In the aise where a ratio of dust or oxidizing gas contained within the exhaust gas 3 
Is low and a temperature of the exhaust gas 3 is relatively low, the dust removing tower 1 r )ay be dispensed 
with. 

The exhaust gas 3 from which the dust has been removed as described above is fed to the absorbing tower 
2 where the exhaust gas 3 is brought Into contact with absorbent slurry 9 containing limestone that has 
been supplied from splaying portions 8. The exhaust gas from which SOx has been removjd due to this 
contact is discharged from a top of the tower through a demistor 10. 

The slurry 9 absorbing SOx is dropped downwardly is temporarily reserved in a Slurry recir ;ulation tank 1 1 
that ts provided Integrally with s lower portion of the absorbing tank 2. The reserved slurry ) is agitated by 
axial flow type agitators exclusively for preventing the precipitation provided in the lower pc rtion of the tank 
1 1 . The slurry 9 is fed to the splay portions 6 of the upper portion of the tower through a sk rry recirculation 
line 14 and is brought into contact with the exhaust gas 3 to perform the desulfurlzing treat nent in the same 
manner as described above. 

On the other hand, air 16 pressurized by a pressurizing means such as compressor 15 or n blower Is fed to 
the vicinity of agitators 12B for Ihe oxidation through air feed pipes 17. The air is bubbled into minute 
bubbles 18 by the action of the agitators 12B and is brought into contact with the slurry 9 ir the reserving 
tank 1 1 . thereby oxidizing sulfurizing calcium contained in the slurry. When the sulfurous cilcium tS oxidized 
to form plaster, a part of the slurry 9 is removed from the slurry recirculation line 14 and Is * ed to a plaster 
collecting process (not shown). 

For example, in case of a wet-type exhaust gas desulfurlzing apparatus used in a thermal >ower station of 
600,000 KW capacity, as showii in Fig. 3, a total height h1 of the absorbing tower 2 Is mons than 30 m, an 
inner diameter d thereof is about 1 5 to 18 m, and a depth h2 of liquid of the reserved slurry 9 is about 7.5 to 
13 m. The apparatus is thus large in size. 

The an^ngement and structun» of the oxidizing agitator 12B wilt now be described. 

In the apparatus for gas-liquid phase mixture, in addition to the axial flow type agitator to w lich the present 
Invention pertains, there have been rotary atomizers (fbr example, disclosed In Japanese Utility Model 
Unexamined Publication No. 52-117543 and USP 3,802,674). Such rotary atomizers are o instructed so that 
gas is fed under pressure into an interior of conical rotary portion and the bubbles are disci larged while 
being sheared by lower edges by the centrifugal force of the rotary portion. 

However, since the rotary atomizer has no effect of agitation, the agitation or mixture of liqi lid and gas is 
insufficient. Therefore, even if minute bubbles are generated by the edges of the rotary poi tlons, it is 
impossible to attain a desired nriixture or contiact with the liquid. 

Also, since it is impossible to dispose the rotary portion in a longitudinal posture due to its : structure, it is 
proposed to arrange the rotary portion on a bottom of a slurry recirculation tank described ater. However, 
since a large load of several tons is imposed on the tank bottom, there is a problem in supporting the load of 
the absorbing tower (slurry recirculation tank). It is further necessary to provide an underground chamber or 
basement for the arrangement of drive portions for the rotary atomizers or the like. Also, a cavitation would 
be generated in the recirculation pump. Moreover, in order to suppress the formation of ca station, it would 
be proposed to elongate tlie shaft of the rotary portion. However, If this would be effected, ;here is a 
problem in vibration of the rotar/ portion at about 500 to 1 ,000 rpm.As noted above, it wou d be difTioult to 
apply the rotary atomizer suitably. In consideration of the above-described problems, in th< present 
invention, the laterally positioned axial flow type agitators are used in the apparatus. 

in the foregoing embodiment, the oxidizing agitators 12B are arranged in one or more stagss above the 
precipitation preventing agltatois 12A as shown in Fig. 1. \n other words, the oxidizing agit itors 12B are 
provided away from suction ports of the recirculation pump 13. thereby preventing the caviation of the 
recirculation pump 13 due to the suction of air. 

Each of the agitators 12B is of ihe laterally extending axial flow type which passes through the 
circumferential wall of the slun^' recirculation tank 1 1 , The plural (tow in the embodiment) « gitators 12B are 
arranged along the circumferential direction. A rotary vane 19 of each agitator 12B Is offse at an angle 
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' alpha in a predetermined direoUon rslatJve to a phantom line pe$$ing through a center 0 of the slurry 
recirculation tank 1 1 . (The offset direction is left as viewed from above.) The offset angle al Dha Is preferable 
selected in a range of 1 0 to 25 degrees In order to effectively generate swirl flow. In the en- bodiment. the 
offset angle is set at 1 5 degrees. 

. TherBfore, the rotation of the vane 19 causes the slurry 9 located in the rear side of the var e to flow as 
indicated by the arrows In Fig. 2. The slurry flow direction Is changed by the collision again st the 
circumferential wall of the tank 1 1 and is entrained in the flow of the slurry that has been gi inerated by the 
adjacent agitator 1 2B, thereby generate the swirl flow of the slurry 9 within tank 1 1 . Incider tally, such flow 
condition is generated also in the agitators 12Afor the prevention of precipitation (two in th a embodiment). 
Accordingly, the slurry as a whole reserved in the tank 1 1 is always fluidized into a single s ivirl flow during 
the operation. 

Each oxidation agitator 12B Is of the axial flow type and Includes, as shown In Fig. 4. a drive motor 21 
mounted through a plate 20 on the circumferential wall of the tank 1 1 , a gear box 22 for sp ied reduction, a 
' coupling 23, a mechanical seal 24. a rotary shaft 25. three rotary vanes 19 and a mount se at 26. The 
rotational speed of the vanes 10 is ranged in about 250 to 2,000 rpm. The vanes 19 are of the propeller type 
and their pitch ratio is ranged In 1 .0 to 1 .75. 

A chamber 27 having a predetermined volume Is mounted so as to surround the rotary she ft 25 in the front 
side of the mount seat 26 in the agitator 12B. A nozzle 28 is provided at a tip end of the ch imber 27. TTie 
nozzle 28 is coaxially arranged around the rotary shaft 25 at a predetermined interval in thu circumferential 
direction. A tip end of the nozzin 28 extends dose to proximal ends of the vanes of the rots ry shaft 25. An 
annular injection port 29 Is formed around the rotary shaft 25 as shown In Fig. 5. 

As shown in Fig. 4, an air introduction pipe 1 7 is connected to an upper portion of the chamber 27, and a 
drain discharge pipe 30 is connected to a lower portion of the chamber 27. 

In terms of short time, the output of the compressor or blower 1 5 is pulsated to generate pr assure change. 
When the flow rate or pressure of the air 16 is lowered, the sluny is reversely flowed within the nozzle 28 to 
cause a scaling. In order to suppress the pressure change, the chamber 27 is provided. TY e chamber 27 
may be provided in any location in the air introduction pipe. However, if the chamber 27 is irovided 
upstream of the mechanical secii 24 In the agitator 128 as in the embodiment, the mechanical seal 24 Is 
surrounded by the air 16 so that it is possible to keep the condition that the mechanical se^ 1 24 may be out 
of contact with the slurry. As a result, the wear and corrosion of the mechanical seal are pr wanted to 
prolong Its servwe life. 

A valve (not shown) is mounted in midway of the drain discharge pipe 30 and is dosed dur ng the 

desulfurizing treatment. An amount of air of, for example, about 500 Nm<3> per hour (for tlie single agitator) 
, is fed through the air introduction pipe 1 7 to the chamber 27. The flow rate of the air 1 6 is ii icreased to a 
; predetermined level by the pas&age through u narrow gap between the rotary shaft 25 and the nozzle 26. 
I The air Is substantially uniformly Injected over the entire circumference toward the proxima ends of the 

vanes 19 from the annular InJecQon port opened toward the rear portton of the rotary vanes 19 in a thin air 

film. 

The injected air 16 is guided by curved surfaces of the proximal ends of the respective van 3S 19 and is 
flowed onto the smooth surfaces of the vanes 1 9 to form an extremely thin air film on the si jrfaces. Since 
the vanes 19 are rotated at the predetermined rpm, by the rotational energy, the air film is ; sheared in order 
from the end portions due to the contact with the slurry. The air film is separated and vibratsd away from the 
I outer peripheries of the rotating vanes 19 to form infinitely minute bubbles 18. The bubbles 18 are 
1 generated substantially unllbnmly over the entire circumference and inner side of the rotatic nal region 31 of 
the vanes 19 as shown In Fig. 5. There is no phenomenon In which the rotational region Is separated into 
the portion having a large amount of air (large bubbles) as In the prior art. 

The thus produced minute bubbles 18 are entrained in the slurry flow toward from the rear side to the front 
side of the vanes 19 by the rotation of the vanes 19. The bubbles 18 are moved in the tank 1 1 together with 
the swirl flow of the sluny 9 (see Fig. 2). In the meantime, the sulfurous calcium is oxidized. 

Subsequently, the suitable air outlet rate from the nozzle 28 in the embodiment will now be described. 

The Inventors made the experimental apparatus meeting the following conditions: 
diarneter of slurry recirculation tank: 2200 mm 
height of slurry recirculation tank: 2500 mm 

mounted position of precipitation preventing agitator 12A from the bottom: 300 mm 
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' .depth of liquid of reserved slurry 9: 2000 mm 
concentration of slurty 9: 1 .05 
type of rotary vanes 19: propellor type 
pitch ratio of rotary vanes 19: i 0 
outer diamet^jr of rotary vanes 1 9: 200 mm 
outer diameter of rotary shaft 2il: 32 mm 
inner diameter of nozzle 28: 42.4. 

In this apparatus, in the case where the outlet flow rate of the air 1 6 from the nozzle 28 wa s changed 
variously, the flow rate of part of the resen/ed slurry 9 through the nozzle 28 from the drain discharge pipe 
30 was measured a$ shown in Fig. 6. The result was shown in Fig. 7. 

As is apparent from Rg. 7. it will understood that, if the nozzle outlet flow rate of the air 1 6 s lower than 1 0 
m/sec. the slurry 9 is introduced into the chamber 27 through the nozzle 9 (since the drain jischarge valve 
provided in the drain discharge pipe 30 is always closed during the desulfurizlng treatment ► and reserved In 
the chamber 27. As a result, solid components contained in the slurry 9 are piled to cause tie clogging of 
the nozzle 28. On the other hand, if the nozzle outlet flow rate exceeds 10 m/sec, the inva; ion of the slurry 
9 Into the no2-zle 26 is substantially prevented by the flow of air. and the discharge amount of the slurry 9 )s 
kept substantially at zero. 

In the experimental apparatus, m the case where the nozzle outlet flow rate was changed ^ -ariously the 
pressure loss of the nozzle portion was measured. TTie results are shown In Fig. 8. 

As is apparent from Fig, 8, it will be understood that, since the pressure loss DELTA P Is ir creased by the 
increase of the nozzle outlet flow rate, it Is necessary to increase the outlet amount of the ( ompressor 15 
feeding the air 16- As a result, there is a problem that the consumption of electric power In the compressor 
15 would be increased or noises would be generated. Therefore, it is not desired to excess ively increese 
the pressure loss, and It Is preferable to decrease the nozzle outlet flow rate below 40 m/si sc. Also, rf the 
nozzle outlet flow rate would be excessively increased, the air 16 would be blown to the frc nt side of the 
rotary vanes 19. It ts difficult to uniformly generate minute bubbles 18 by the rotation of the vanes 19. It is 
therefore necessary to suppress the nozzle outlet flow rate baiow 40 m/sec. 

In view of the foregoing factors, in order to the nozzle outlet flow rate of the air 16 within th s range of 1 0 to 
40 m/sec, it ie necessary to set the supply amount of the air 1 6 and the diameters of the ro !ary shaft 25 and 
the nozzle 28 suitably. 

The inventors reviewed the positional relationship of the nozzle tip end portion reiative to tl le rotary vanes 
19, which would effect the condition of bubble generation, in the foregoing experimental ap paratus. 

Namely, in the case where the nozzle outlet flow rate of the air was kept constant at 15 m/j:ec. and the 
angle 8 defined by the horizontal line passing through the end portion of nozzle 28 and a s ralght line 
connecting the end portion and an outer end portion of the vane 19 was changed variously as shown in Fig. 
I 6, the oxidation rate of the sulfurous calcium was measured. The result is shown in Fig. 9. /Vith respect to 
the oxidation rate, the concentnation of SOS in the slurry 9 was measured every constant tiiie period 
according to an iodimetric method. The oxidation rate of the sulfurous calcium was calcutaed on the basis 
of the measurement result, 

As is apparent from Fig. 9, if the angle theta is 60 degrees or less, the oxidation rate Is low This means that 
the position of the nozzle end portion is too remote from the rotary vanes 1 9. Even if the ai * 1 6 Is injected 
from the nozzle 28 at a predetermined flow rate, the air will not sufficiently reach the rotary vanes 19 but the 
I air becomes large bubbles In the midway to be raised In the slurry 9. This is caused by the poor contact 
between the sulfurous calcium land the air. 

On the other hand. If the angle theta exceeds 80 degrees^ the oxidation rate is lowered. This means that the 
end portion of the nozzle is too dose to the rotary vanes 1 9. A part of the air discharged frc m the nozzle 28 
is blown through the rotary vanos. As a result, large bubbles are formed, this would be caused by the poor 
contact between the sulfurous calcium and the air. 

In contrast, in the case where the angle theta Is ranged In 60 to 80 degrees, rnlnute bubbles 18 are 
uniformly generated by the rotation of the vanes 19. The oxidation of the sulfurous calcium Is accelerated 
with a high oxidation rate. 

Fig. 10 Is an enlarged view showing a modification of the nozzle 28. In the foregoing embodiment, the 
nozzle 28 Is formed of a straight pipe. However, It is possible to use a tapered nozzle 28 a' Its end portion 
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' ^nstead.of the straight pipe. 

If such a tapered nozzle 28 is used, the nozzle outlet rate Is necessarily Increased. Therefc re, even if the 
length L from the nozzle end to the rotary vanes 19 would be Increase, It is possible to well provide the air 
16 to the surfaces of the rotary vanes 19. therefore, it is possible to con-espondingly redact the length of the 
nozzle 28. Thus, the fluidization of the reserved slurry 9 is accelerated to thereby suppress the generation 
of scaling and to reduce the cost. 

Incidentally, in the case where this nozzle 28 is used, it is impossible to apply the suitable lelationship 
between the nozzle outlet flow late and the angle theta described in connection with the fo egoing 
embodiment 

Fig. 1 1 1s a side elevational view showing, partially in cross section, an oxidation agitator ir accordance with 
a second embodiment of the Invention, 

In this embodiment, an Insertion hole 32 having a diameter D2 larger then an outer diamet )r D1 of the 
rotary vanes 1 9 is fbrnied in a circumferential wall of the tank 1 1 . A body mount seat 33 is )rovided for 
supporting an air Introduction pipe 17, a chamber 27, a drain discharge pipe 30 and the llk'i. The rotary 
vanes 19 are inserted through the above-described insertion hole 32 into the tank 11 and tie agitator Is 
mounted with the body mount seat 33 being fixed to a flange 34 of the tank 11. 

With such a structure, for example, when the vanes 19 are to be inspected or replaced, it i i possible to pull 
the vanes 19 to the outside of tlie tank 11 by removing the body mount seat 33 away from the flange 34 
without performing additional operation such as assennbling a foothold for the inspection oi replacement of 
the vanes. Thus, It Is possible to simplify the working. 

Fig. 12 is a diagram for illustrating a third embodiment of the invention. In this embodimenip a portion 36 of 
the air introduction pipe 17 downstream of flowmeter 35 disposed in the midway of the pipu 17 is positioned 
by 1 m or more above a maximum level Lmax of the resen/ed slurry 9. A normally opened /alve 37 Is 
provided in the vicinity of the chamber 27 downstream of the portion 36. A water washing I ne 38 is 
connected just downstream of the valve 37. A normally closed valve 39 is provided in the r lidway of the 
water washing line 38. 

A seal water line 40 for axial seal is connected to an upper portion of the chamber 27. A si )ht flow member 
41 having a transparent portion is provided in the midway of a drain discharge pipe 30. 

For instance, when an electric (lource of a compressor Is Inoperative due to a power suspc nsion to stop a 
supply of air 16 to the chamber 27, a part of the reserved sluny 9 is reversely introduced ir to the air 
Introduction pipe 1 7 through thc^ chamber 27. In order to prevent this phenomenon, an aut< imatically 
operated valve is used as the normally opened valve 37 provided close to the chamber 27 to Intenrupt the 
reverse flow of the slurry 9. However, such a valve Is expensive and needs the provision o ' signal lines or 
winngs. This is not desirable. 

Accordingly, in the embodiment, an ordinary valve other than an automatically operated vs Ive Is used as the 
normally opened valve 37, the portion 36 downstream of the flowmeter 35 Is held above a naximum level 
Lmax of the reserved slurry 9, and a head H exceeding 1 m is provided between the down stream portion 36 
and the maximum level Lmax, With such an arrangement, it Is possible to prevent the reve 'se flow of the 
slurry 9 with a simple and low cost means. The slurry 9 may be prevented from flowing intc the flowmeter 
35. Incidentally, since the slurry 9 that flows reversely through the air introduction pipe 17 has an inertia, the 
head H is preferably set at 1 m or more. 

i Also, in a recent thermal power plant, a daily stop/start (OSS) Is performed In general. For :hls reason. It Is 
; preferable to reduce a consumed electric power In the station by stopping the supply of air 16 In the case of 
j the stop of operation of the thermal plant. However. If the supply of eir 1 6 is stopped, a par : of the slurry 9 
j will reversely flow into the air introduction pipe 1 7 through the chamber 27 as described at: ove. Under such 
i a condition. If the plant Is restarted, there would be other problems such as wear of the rot iry shaft 25 due 

to the accumulation of solid components contained in the slurry 9 In the chamber 27, and « caling within the 

air introduction pipe 1 7. 

In order to deal with these problems, the water washing line 38 and the drain discharge pip a 30 are 
provided according to the embodiment Prior to the restart, washing water 42 is flowed fror 1 the water 
washing line 36 to wash the air introduction pipe 17 and the chamber 27, thereby flow out he invading 
slurry 9 to the tank 1 1 and the drain discharge pipe 30. The sight flow member 41 provider in the midway of 
the drain discharge pipe 30 is provided for observing the washing condition In this case. T1 le washing 
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' operation is finished by confirming that there is no slurry 9 in the sight flow member. 
Fig. 1 3 is a diagram showing a fourth embodiment of the invention. 

it is generai that a suction port of a reclrcuiation pump 13 Is mounted close to a bottom of s uny recirculation 
tank 1 1 . Therefore, in the first embodiment, In order to prevent the cavitation of the recircul; ition pump 1 3, 
the air 16 is not provided to the agitators 12A located in the lowest position but are used e> dusively for 
preventing tho precipitation as shown in Fig, 1 . In the first embodiment, the air 16 is suppli€ d to the agitators 
12B other than the lower agitators 12a so that the agitetprs 12B are used for preventing th< oxidation and 
preclplteUon. 

In the fourth embodiment, the agitaton 2A relatively close to the suction port of the recirculation pump 13 Is 
used only for preventing the precipitation. The agitator 12A is surrounded by a bubble invaiion preventing 
plate 43. The air 16 Is supplied to the lower agitator 12B thai is located relatively remotely 1-om the suction 
port of the redrculation pump 13. 

With such an arrangement, it ts possible to prevent the cavitation of the recirculation pump 13 and 
simultaneously to generate minute bubbles 18 from the vicinity of the bottom of the tanl< 1 1 . Therefore* it is 
possible to perform effectively the contact with the sutfurous calcium with a high oxidation rate. 

Figs, 14 and 1 5 show a fifth embodiment of the invention. Fig. 14 Is a side elevational view showing, 
partially in cross section, an agitator according to the fifth embodiment. Fig. 15 is a frontal > iew of a 
chamber used in the agitator shown in Fig. 14. 

The chamber 27 used in the embodiment has an end plate 44 on a side confronting the rot ary vanes 19. An 
insertion hole 45 (see Fig. 15) into which the rotary shaft 25 is inserted is formed in the cer trat portion of the 
end plate 44. A plurality of nozzle holes 46 ara fomned in the circumferential direction aroui id the insertion 
hole 45. Therefore, when the cfiamber 27 is mounted, the nozzle holes 46 are confronted \ /ith the rotary 
vanes 19 at a predetermined imen^ai as shown in Fig. 14, so that the air 16 that has been s^jpplied to the 
chamber 27 is to be injected from the respective nozzle holes 48 toward the rotating vanes 19. 

A size and a distribution of the nozzle holes 46 are suitably selected so that the minute but bles 18 are 
effectively and unlfonnly generated by the rotation of the vanas 19. 

Fig. 16 Is a diagram showing a sixth embodiment of the invention. In this embodiment, the slurry 
recirculation tanK 1 1 is disposed in the lower portion of the absorbing tower 2 but is separa ted away from 
the absorbing tower 2, The dropped slurry 9 within the absorbing tower 2 Is introduced Into the tank 1 1 
through a connection pipe 47. 

Vertical agitators 48 and 49 for preventing the precipitation are provided in the recirculatior tank 4 and the 
slurry recirculation tank 1 1 . respectively. An agitator 1 2B Is also provided In the recirculallc n tank 4 on the 
dust removing tower 1 . The air 1 6 is also supplied to the agitator 12B. A recirculation fluid i composed of the 
same components as thesluny 9) is discharged from the portion downstream of a recircuhitlon pump 6 and 
is fed to a plaster collecting process. Reference numeral 50 denotes a porous plate for pre/enting the 
deflected flow. 

Fig. 1 7 is a perspective view whose part has been removed for illustrating a seventh embo ilment of the 
invention. Jn this embodiment, there is no dust removing tower 1 . Instead thereof, a portior betow a porous 
plate 50 is used as dust removing and cooling section 51 . A splay portion 52 for diffusing s urry 9 are 
provided close to the porous pliite 50. In order to prevent the scaling of the porous plate 5C , Injection ports 
of the splay portion 52 are directed to the pon^us plate 50 so that the slurry 9 is applied to he porous plate 
50. Reference numeral 53 denotes a water washing portion of demlstors. 

Although, in the foregoing embodiments, air is used as oxidizing gas. the present inventlor Is not limited 
thereto or tiiereby. It is possible to use a high active oxidation gas having a high oxygen cx ncentration. The 
oxidizing gas having a high oxygen concentration (for example. 25 to 40% by volume) ma^ be obtained by 
the characteristic that a high molecular fdm such as a compound film of. for example, silicc ne and polyimlde 
selectively filtrate oxygen rather than nitrogen contained in the air. The oxygen enriched gt is may readily be 
produced by using a well known unit as a silicone compound film module provided with the foresaid 
compound film. 

As described above, according to the presenl invention, it is possible to generate the minu e bubbles from 
the end portions of the rotary vmes in a uniform manner by supplying uniformly the oxidizlig gas over the 
full circumference of the rotational region of the rotary vanes from the rear side of the rotar/ vanes. As a 
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' result, the minute buttles are eniralnod In the slurry fluidized from the rear portion to the froi it portion of the 
vanes by the rotation of the vanns. thereby being brought into sufficient contact with the slu ry to perform 
the oxidation of sulfurous calcium. 

The test conditions under which the pilot test was conducted for the wet-type exhaust gas c esulfurizing 

apparatus in accordance with the first embodiment are shown with their results, as follows. 

exhaust gas amount: 3000 Nm<3>/h 

S03 concentration: 3000 ppm 

number of the precipitation preventing agitators: two 

number of the oxidation preventing agitators: two 

air amount for oxidation: 80 Nm<3>/h 

slurry/gas: 22.4 1 /Nm<3> 

limestone excess rate: 2% 

operational period: about B500 hours 

From the results under the forecioing condition, it was found that the desulfurlzing rate of th a exhaust gas 
was 95% and the oxidation rate of the sulfurous calcium was 99.8%. Therefore, it was pos! ible to collect the 
high quality powdery piaster sinriply by removing and dehydrating the slurry from the slurry ecirculation line. 



Also, since any anbalanced load is not generated in the agitator in the apparatus accordinc to the invention, 
any vibration or noise may be eliminated to prolong the service life of the apparatua. 



Data supplied from the espScenef database — Worldwide 



iPA6E14/17'RCVDAT1IV2m91p:S8:29AM[EastemDa 10/28/200S 



10/28/2009 10:48 FAX 4128818570 KRATZ QUINTOS HANSON LLP ^ PTO ©015/017 

e8p@cenet — Claims ^ ' 



Wet-type exhaust gas desulfurizing apparatus. 

The EPO does not accept any responsibility for the accuracy of data and information origin. Uing from other 
authorities than the EPO: in parlicuiar. the EPO does not guarantee that they are complete up-to-date or fit 
for specific purposes. 
Claims of EP 0363009 (A1) 

1 . An apparatus for wet process exhaust gas desulfurijation. said apparatus removing sulfur oxide 
compound from absorbent slurry including calcium compound into which sutfur oxide in exf aust gas is 
absorbed, said apparatus comprising: - 4. 
means for bringing said exhaust gas into contact with said absorbent slurry from opposite c irections; 
means for receiving said absorbent slurry fron^ said corttact means; 

means associated with said receiving means for stirring and fonwarding said absorbent sluiry radial 
Inwardly, said stirring means being in an axial flow type one and including a revolving shaft and a propeller 
fixed to said revolving shaft;: 

means for feeding oxidizer gas including oxygen, said feeding means feeding said oxidizer gas Into said 
absorbent slurry from a backside of said propeller towards a periphery of said propeller uni brmly with 
respect to a circumferential direction, so that said oxidizer gas bubbles finely around said propeller; and 
means for withdrawing suifvir oxide compound from said absorbent slurry. 

2. An apparatus for wet process exhaust gas desuifurization comprising: 
means for spreading absorbent slurry including calcium compound; 

means for bringing said absorbent slurry spread from said spreading means into contact w th exhaust gas 
including sulfur oxides from opposite directions, thereby absorbing said sulfur oxides In sai j exhaust gas 
Into said absorbent slurry; 

means for receiving said absortient slurry from said contact means; 

means associated with said recaiving means for stirring and fonvarding said absorbent sluiry radial 
Inwardly, said stirring means being in an axial flow type one having propeller means; 
means for cirQuiating said absorbent slurry from said receiving means to said spreading mnans; and 
means for feeding oxidizer gas including oxygen into said absorbent slurry from a backside of said propeller 
means towards a periphery thereof uniformly with respect to a drcumferentral direction, the reby bubbling 
said oxidizer gas finely around «said propeller means. 

3. An apparatus according to Claim 2, wherein said apparatus comprises a plurality of groi ps of said stirring 
means, each of said groups disposed separate from each other In a vertical direction, and A/herain said 
feeding means are provided in uaid stirring means except for the stirring means disposed s t lowerest 
position. 

4. An apparatus according to Claim 2, wherein said feeding means includes a plurality of nozzles disposed 
coaxially with said stirring means and equlanguiarly spaced from each other circumferentic lly. 

5. An apparatus according to Cinim 4, wherein said oxidizer gas is blown off from said noz2 les at between 
10 m/sand 40m/s. 

6. An apparatus according to Claim 4, wherein said nozzle is so disposed that an angle 0 ( eflned by a 
horizontal line extending through an end of said nozzle and a line extending through said end and an outer 
periphery of said atimng means is between 60 and 80. 

7. An apparatus according to Claim 4, wherein said nozzle has a tapered end. 

8. An apparatus according to Claim 2, wherein said feeding means includes a plurality of nozzle holes 
disposed clrcumferentially. 

9. An apparatus according to Claim 2, wherein said feeding means includes therein a char iber. 

lOeAn apparatus acxx>rding to Claim 9, wherein said stirring means Includes a rotary shaft and a portion fbr 
sealing said rotary shaft, and wherein said chamber is so disposed that It covers a portion sf said rotary 
shaft which is in f^ont of said sealing portion. 

1 1. An apparattjs according to Claim 2, wherein said feeding means includes therein a flo\. ^ meter, and 
wherein an uppermost position of a downstream portion of said feeding means from said fl^w meter is 
higher than an uppermost level of said slurry In said receiving means. 

.PAGE1»17'RCyDAT1(V28l2(l0910:S8:29AMlEastemDaylightTiine]'SVR:^^^^ l0/28/200^. 



10/28/2009 10:48 FAX 4128818570 KRATZ QUINTOS HANSON LLP PTO 0016/017 

esp@cenet — Claims Page 2 of 2 

12. An apparatus according to Claim 2, wherein said feeding means Includes therein a flow meter, and a 
washing line connected to a downstream portion of said feeding means from said flow mete r. 

13. An apparatus according to Claim 10, wherein said feeding means includes therein a flo'v meter, and a 
washing line connected to a downstream portion of said feeding means from said flow meU r. 
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